INTRODUCTION
The concept of robotics assisted therapy is one of the most important issues in social robotic research. It was introduced in the 60s [1] and since various robotic devices are proposed to help stroke patients and physiotherapists during the rehabilitation training. Two categories of rehabilitation robots exist: devices designed for upper limbs assisting [2, 3] and devices designed for lower limbs assisting [4, 5] . Many current research works have also proved the interest of robot-assisted therapy to help dependent people with disabilities [6, 7] .
For upper limbs assessment, several elaborated robotic devices exists such the MIT-MANUS robotic device of Massa-chusetts Institute of Techno-logy [8] , the MIME robot of the Stanford University [9] and the RUPERT robotic device of the Arizona State University [10] . Robot assisted therapy systems require three elements: robot hardware, computer system and algorithms [11] . However, the design of the control system remain one of the main difficulties specially when intending to realize predefined complex movements and recovering at the same time motion and force human capabilities [12] . Furthermore, unlike industrial robots, rehabilitationaided robots must be configured not only for stable motion but also for safe compliant motion in contact with humans [12, 13, 14, 15, 16] . The impedance control strategy initially proposed by Hogan [17] seems to be the most appropriate approach for such task. In this framework, we have recently proposed an improved impedance controller for which the parameters can be designed via two cases. Only one case was discussed in [12] for which the impedance transfer function has a first order model and the controller parameters were optimized via a nonlinear approach.
In this paper we propose a new design of robot assisted therapy actuated by a safe control strategy. We discuss the nonlinear optimization of the controller parameters via the improved impedance controller for the second case where the impedance transfer function has a second order model. Finally, we propose a human machine interface to help the therapist to design the control law and to motivate the patient during the rehabilitation assessment. The contribution in this paper is complementary to our previous works presented for the design of position/force controller laws via Lyapunov approaches [12, 18, 19, 20] .
II. THE ROBOT-ASSISTED THERAPY
As shown by Fig.1 , the rehabilitation platform is composed by a support system, a linkage system and a 3DOF robotic arm. The support device is designed such it can support the weight of the linkage system and the robotic arm. The linkage system allows the therapist to adjust distances between axes and customize the rehabilitation device for different users based on morphological parameters. The robotic arm (see Fig.2 ) allows the human upper limb to be attached via two supports to have upper limb joints lined with the robot joints in order to control them independently.
Fig.1. Rehabilitation platform
The kinematic model of the robotic system is described by:
The differential kinematic model is defined by:
where: Fig.2 . 3DOF robot-aided therapy and the dynamic model is described by:
where The physical parameters of the robot-assisted therapy are shown in Table 1 and correspond to a right arm, forearm and hand of a stroked patient having a weight of 70 kg and a height of 1.73 m.
they are computed using the famous Winter statistical model and referring to [21] . 
III. THE SAFE COMPLIANT CONTROL STRATEGY
The control system of the rehabilitation device is designed in order to authorize corrective forces and torques to the human arm. Desired positions are enforced by the robotic system whereas desired contact forces are inflicted by the patient. Furthermore, safety is perquisite further in the therapy. The controller should then impose to the robotic device to track a complex motion trajectory such as circular ones and realize a desired impedance dynamics between the end-effector position and the contact force (see Fig.3 ). The desired impedance is defined by: , ,
∈ are desired stiffness, damping and inertia matrices and s is the Laplace operator. We assume in the following that they are diagonal matrices. For desired matrices 2 2 , ,
and if there exist diagonal matrices 2 2 , ,
that the following conditions:
are satisfied, then the robotic system described by the kinematic models (1), the differential kinematic model (2) and the dynamical model (3) is asymptotically stable under the constrained force:
and the control law:
Proof: see [12] IV.
COMPLIANT TRAJECTORY
We impose to the robot-aided therapy to follow a circular profile in the Cartesian space. To realize this trajectory, we introduce a sinusoidal signal on each axis of the third joint. Therefore, for a circle radius R , the desired motion of the end-effector of the compliant robot is defined in the Cartesian space by:
where:
Taking on account that the motion must begin and end regularly such that for 1,2,3 CONTROLLER PARAMETER OPTIMIZATION
Since we have assumed that the inertia matrix is a non null matrix, only the stability conditions (6) will be considered in this paper for solving the optimizing problem. Tuning controller parameters for the stability conditions (5) are previously discussed in [12] . To adjust the parameters of the control law (8) using the stability conditions (5) for the force model (7), the following nonlinear optimization problem is solved for the decision vector
subject to the dynamical constraints (1) and (2), the following inequality constraints: 
where The last optimization problem will be solved using the constrained nonlinear optimization method proposed in [22] and solved using the fmincon function of the optimization toolbox of Best impedance controller parameters and the corresponding objective functions are reported in Table 2 . 
50.1
For the decision vectors given in Table 2 , simulation results are given in Fig.4 to Fig.6 where the profile of the desired and actual trajectories, contact forces and control laws, are respectively observed. As can be seen, desired Cartesian trajectory is followed for safe force and control laws. The implementation of the control system requires two types of interactions: the interaction with the robot and the interaction with the human (therapist and patient in our case). Interaction with the robot necessitates a real time control system of the motor drives which are in the most cases servomotors. For real-time control, two methods are available [11] . One is the use of real-time operating system, see for example [23, 24] and the other is the hybrid control system of a PC and a Micro Control Unit (MCU), see for example control applications presented in [11, 25] . In this paper we use the second approach. We have designed two types of MCU boards, one for acquiring sensor data and a second for writing motor commands. Fig.7 shows, for example, the MCU board designed via Proteus software for reading position, velocity, acceleration and force sensor data using the microcontroller 18F4550 at 48 MHz sampling frequency for one joint. The board communicates with the PC via an USB connector. LabVIEW™ software [26, 27] to design the Human Machine Interfaces and to deploy and execute the customized control application on the hardware device. As shown in Fig.8 , an intelligent Control Interface is proposed to help therapists to configure the robot and to tune the controller parameters. When the patient comes for a therapy, the therapist must load the patient's information, adjust the robot parameters and tune the safe controller of the robot-aided therapy and then execute the controller application. Fig.9 shows the LabVIEW software design of the Controller Interface composed of two parts: in top, we can observe the code for the generation of the control law and, down, the case structure for the USB port configuration acquiring sensor data. In this paper, design, control and optimization of a robot-assisted therapy are proposed. Human machine interfaces are also designed to help the therapist to tune the controller parameters based on the patient information and to motivate the patient during the assessment treatment progress.
In this paper, safety was the main issue for the control design and optimization. However, we will consider in future works the compromise between robustness and safety criteria [28, 29] .
Furthermore, to limit the vibrations of the assistive device, we will consider optimal trajectories with minimum jerk criteria [30, 31] .
